Abstract-Combining with the structure characteristics of sonar cavity and the theory of the self-noise prediction, the wall of sonar platform affected by the mechanical vibration is simulated by elastic thin plate and the rectangular cavity is the simulation of sonar cavity, the theoretical analysis model of the sonar cavity is established considering the fluidstructure coupling effect. The acoustic field in sonar cavity is analyzed theoretically using the modal methods, and the distribution of sound pressure in acoustic field is obtained when the elastic boundary is motivated externally. Underwater acoustic field of the rectangular cavity is analyzed through the numerical examples by the MATLAB, the change rule of the acoustic field in sonar cavity is studied. The finite element analysis is carried out on the rectangular cavity model by acoustic software of the LMS Virtual. lab in order to check the correctness of the theoretical model. This study provides certain theoretical basis for the analysis and control of mechanical self-noise sonar cavity at the low frequency.
INTRODUCTION
Sonar is a kind of water detection equipment widely used in ships and submarines [1] . It is the key to improve sonar performance that improves the detection performance of sonar and the stealthiness of the ship [2] . The working principle of sonar is to use propagation characteristics of sound waves in the water to probe, communicate, identify and guide, etc. Its main performance indicators include the maximum and minimum range, resolution, transmission frequency, directional accuracy, receiving sensitivity, etc. [5] . Sonar detection ability does not only depend on the technical performance of the sonar equipment itself, but also the size of its background noise in the work environment. The selfnoise on the sonar refers to noise not from the detection target that all kinds of environmental noise along with the vessel sailing. The self-noise includes four noise component of the machinery noise, propeller noise, hydrodynamic noise and the marine environment noise according to the noise source on the sonar in the process of sailing ships [9] . Generally it is hard to control of the marine environmental noise and it is very small compared with the level of overall noise, so the ocean ambient noise is neglected commonly [11] . The mechanical noise at the working of mechanical equipment contributes to the noise in the low speed and contributes to the noise less in high speed. When the ship speed is low the existence of mechanical self-noise affects the quiet of the sonar cavity and make great influence on the concealment of the ships [12] . The main influence factors can be determined through the analysis of the mechanical self-noise of sonar; it can have profound research significance for the control of the mechanical self-noise of sonar and the improvement of detecting ability at the low frequency [13, 14] .
II. THE THEORY ANALYSIS MODEL OF SONAR CAVITY CONSIDERING FLUID-STRUCTURE COUPLING EFFECT

A.
The establishment of the model Fig.1 shows the model description about the working space of sonar array in the sonar dome. Usually working space of sonar array is irregular, it is assumed that there is structural acoustic excitation in some areas of the plane and the acoustic field will be formed in the sonar cavity by the excitation that is known as the source of mechanical self-noise. 
Where n is the outside normal direction at the border of cavity wall,   is the density of the medium (water), 
The total non-rigid boundary is defined as two forms, the D B represents the boundary region of the sound absorption, and the D c represents the boundary region of the coupling of the flow and solid.
Z is the specific acoustic impedance, j  is the inherent vibration of boundary structure, j q is the mode coordinate.
The acoustic modal equation is obtained:
The expression of fluid-solid coupling Usually when the boundary is thin-walled structures, the case of fluid-solid coupling can be considered, its vibration characteristics are expressed by the linear partial differential equations: 
According to the orthogonality of shape functions, the modal equation of the boundary is obtained.
 Equation (10) and equation (14) are the mode equations of fluid-solid coupling. If the modes of sound field are taken to the order of R+1, and the structure modes of elastic border are taken to the order of N, it can be expressed to the form of the following matrix equation. 
The solution of steady state is obtained for harmonic excitation conditions. 
B. The analysis and verification of calculation
According to the established model of sonar cavity and the deduced conclusion of fluid-solid coupling, the parameters of rectangular cavity are set and the boundary conditions is that rectangular plate is four-edge simply supported. It can be analyzed by programming using the MATLAB. Poisson ratio μ 0.28 Fig.2 and Fig.3 show that the damping of the cavity wall should be increased at the design of the rectangular cavity and the plate would be thicker under appropriate conditions when the thickness of board is selected. The performance of sound absorption is great and the self-noise is low when the working frequency of the sonar between 700 Hz and 1400 Hz. Fig.4 shows that the difference of the same order natural frequency of the coupling is bigger and bigger as the increase of frequency, the size of the cavity has a significant impact on the absorption spectrum of cavity. As shown in Fig.5 , the effect of noise reduction is almost unanimously as the change of frequency between the 0 and 100Hz at the points (lx/2,ly/2,z). And the other area that away from the sound source of the cavity has the better noise performance after 1600 Hz. The graph of amount of noise reduction is the same at different coordinates on the same height. As shown in Fig.6 and Fig.7 , the natural frequency of the first order is roughly same as others with same height and different widths of rectangular plate, the natural frequency of the others is lower relatively as the size larger. The natural frequency of the first order is roughly same as others with different size of the cavity; the natural frequency of the others is lower relatively as the size larger and the absorption spectrum of the rectangular plate is the same as others roughly, but the square plate is almost sound-absorbing between 700 Hz and 2000 Hz. As shown in Fig.8 and Fig.9 , the amounts of noise reduction at different points in the cavity with the same parameters are analyzed through the MATLAB and Virtual lab respectively. There are similar results at the low frequency compared with the two results; it can be proved that the result of theoretical derivation is receivable considering the error due to the various assumptions. 
IV. CONCLUSION
The sound pressure of the model of simplified rectangular cavity is deduced considering the fluidstructure coupling effect. It is established of the theoretical analysis model of the sonar cavity and the acoustic field in sonar cavity is analyzed theoretically using the modal methods. It is calculated and discussed for the example of the rectangular cavity model; the transmission mechanism of mechanical self-noise is analyzed using the MATLAB through the setting of the rectangular cavity parameter. And the theoretical results are verified through the Virtual lab that is a software about finite element analysis. The influence factors of the sonar self-noise are analyzed and discussed by modifying a series of internal parameters and external dimensions. It can provide certain theoretical basis for the analysis and control of the mechanical self-noise of sonar cavity.
